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ABSTRACT
ASSESSMENT OF AROMATIC, ORNAMENTAL, AND MEDICINAL PLANTS
FOR METAL TOLERANCE AND PHYTOREMEDIATION OF POLLUTED SOILS
FEBRUARY 2000
EKATERINA A. JELIAZKOVA, B.S., HIGHER INSTITUTE OF AGRICULTURE
PLOVDIV BULGARIA
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Lyle E. Craker

Contamination of agricultural soils with toxic heavy metals has been an
environmental problem in the U.S.A. and many other nations in the last few decades.
Hazardous heavy metals to plants, animals, and humans, with high concentration in
agricultural soils include cadmium, copper, lead, and zinc. Phytoremediation (the use of
plants) is an alternative to the costly engineering techniques for cleansing contaminated
land. Suitable species for phytoremediation are those grown for secondary products
(essential oils) not for food or forage. Preliminary experiments have indicated that
some aromatic, ornamental, and medicinal plants are able to grow on heavy metal
contaminated sites without significant yield reduction. The objectives of this study
were to test the ability of seeds from selected aromatic and ornamental plants to
germinate in a heavy metal contaminated environment, determine the quantity of the
heavy metals absorbed by the imbibing seeds, and screen the species for heavy metal
tolerance. The effect of heavy metals (Cd, Cu, Pb, Zn) on seed germination and root
growth of six species from family Apiaceae, two from family Brasicaceae, and two from
family Lamiaceae was determined. Test solutions, at two concentrations (the

vi

critical concentration of the metal in the soil and approximately two times the critical
concentration), were prepared from individual metals or combinations of two metals.
Root growth was more readily affected by these metals than was seed germination. The
lower level of cadmium (6 mg/L) and lead (100 mg/L) stimulated seed germination and
root growth in some of the tested species. Some of the tested species showed
phytoremediation potential and could be used for cleansing of heavy metal
contaminated soil. Carum carvi L., Cuminum cyminum L, and Anethum graveolens L.
showed tolerance to cadmium, lead, and cadmium and lead in a combination.
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CHAPTER 1
INTRODUCTION
Pollution of the environment, a problem since the industrialization era, is
exemplified by contamination of agricultural soils with toxic heavy metals. Heavy
metal contamination of soils has been a major environmental problem in the U.S.A. and
many other nations, primarily in the last few decades. Some of the more abundant
heavy metals in agricultural soils, lead, cadmium, copper, zinc, manganese, nickel,
arsenic, and mercury, are hazardous to plants, animals, and humans.
In recent years, phytoremediation (a system that uses plants to cleanse the
contaminated soils) has developed as an alternative to the relatively expensive
engineering practices to cleanse the soil. Many species, including trees (Baowski et al.,
1995; Duncan et al., 1995; Punshon and Dickinson, 1997; Riddell-Black et al., 1997),
grasses, and edible crops (Huang et al., 1997; Huang and Cunningham, 1996) have been
tested for potential to accumulate heavy metals in roots and above-ground tissue.
Suitable species for phytoremediation are those with a rapid growth rate, large
size, and known cultivation. The most suitable species for phytoremediation are non¬
food crops, as these plants do not pose the danger of heavy metal contamination of the
food chain. In this regard, aromatic plants may be an excellent choice for
phytoremediation plantings since these species are grown for essential oils. Aromatic
plants also have a demonstrated ability to accumulate heavy metals (Schneider and
Marquard, 1996; Scora and Chang, 1997; Zheljazkov and Fair, 1996; Zheljazkov and
Jekov, 1996; Zheljazkov and Nicolov, 1996; Zheljazkov and Nielsen, 1996abc).
Several aromatic plants are relatively large in size and have known cultivation practices.
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Earlier research has indicated that heavy metals accumulated by aromatic plants do not
appear in the essential oil (Scora and Chang, 1997; Zheljazkov and Fair, 1996;
Zheljazkov and Jekov, 1996; Zheljazkov and Nicolov, 1996; Zheljazkov and Nielsen,
1996ab) and that some of these species are able to grow in metal contaminated sites
without significant yield reduction.
Although most aromatic plants are directly sown in the field, the impact of the
heavy metals on seed germination or the metal tolerance of seedlings during the early
stages of development is not known.
The objectives of this research were to:
1.

Test the ability of seeds from selected aromatic and ornamental plants to
germinate in a heavy metal contaminated environment,

2.

Determine the quantity of the heavy metals absorbed by imbibing seeds of
the selected ornamental and aromatic species, and

3.

Screen selected aromatic and ornamental plants for heavy metal tolerance.

CHAPTER 2
LITERATURE REVIEW
Contamination of agricultural soils in the U.S.A. with heavy metals
Metals are naturally present in soils. The concentration of metals in soils,
however, has dramatically increased over the past 200 years due to the human activities,
particularly those associated with industrialization. The concentration of some metals
such as lead (Pb), mercury (Hg), copper (Cu), cadmium (Cd), and zinc (Zn) is
particularly high compared with the natural concentration of these metals in unpolluted
soils (Forstner, 1995).
High levels of heavy metals frequently produce nonproductive soils because of
metal phytotoxicity (Abdel-Saheb and Schwab, 1994). Grazing farm animals can ingest
contaminated soil and plants, transferring contaminants to meat and milk, posing a
health risk for humans consuming animal products (Herlin and Andersson, 1996). The
sources of heavy metal contamination include mining and smelting activities (AbdelSaheb and Schwab, 1994; Pascoe et al., 1993), application of sewage sludge to the
agricultural soils (Chang et al., 1997; McBride, 1995; Vries and Tiller, 1978), the use of
fertilizers (Mortvedt, 1996; Mortvedt, 1987; Wagner, 1993; Williams and David, 1976),
pesticides (Gimeno et al., 1996; Ivanova et al., 1995), and atmospheric deposition
(Bakker et al., 1995).
Forstner (1995) cited the National Priority List of 1986, developed by the
Environmental Protection Agency (EPA), in identifying approximately 1000 sites that
exhibit an environmental or health hazard. In about 40 percent of these contaminated
sites, the problems are related to heavy metal contamination, including two or more
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metals in 70 percent of them. Among the metals that most often cause problems are
lead, cadmium, copper, and zinc. According to Kabata-Pendias and Pendias (1992), if
total metal concentration in the soil exceeds 3 to 8 mg/kg Cd, 100 to 400 mg/kg Pb, 70
to 400 mg/kg Zn, and 60 to 125 mg/kg Cu toxicity is considered to be possible.
Lead is of environmental concern and an extremely toxic element for domestic
animals, wildlife, and especially, children (Page and Chang, 1994; Wallace and
Wallace, 1994). Significant adverse health effects as a result of elevated blood lead
levels in children, primary from ingestion of lead contaminated soil, are evident
(Burgoon et al., 1995) and lead affects heme biosynthesis, the nervous system, and
blood pressure. Centers for Disease Control and the EPA regard lead concentration of
10 pg/100 mL blood as a poisoning level.
Soils with high lead concentrations are located in several states (New Jersey,
Pennsylvania, North Carolina, and California) (Smith et al., 1995; Berti et al., 1994).
Background lead levels in unpolluted soils vary between 10 and 70 mg/kg (Bergmann
and Mikronahrsstoff, 1975) and plants growing in unpolluted soils generally only
accumulate between 0.001 and 3 mg Pb/kg dry weight (Chapman, 1972). In a study by
Brandvold et al. (1996), background levels of lead were equally distributed between
roots and shoots, while at high levels of lead, the lead content was higher in roots than
in shoots. In a study, conducted in a greenhouse with cereal crops, (Chlopecka, 1996)
no significant changes of lead concentrations in plant tissue were noted when lead was
applied with other heavy metals. In investigation on the relationship between lead, zinc,
and arsenic in the soil and rice tillering, Xie and Huang (1994) observed that small
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amounts of lead, zinc, and arsenic in the soil promoted tillering. Xu et al. (1995) have
reported that low lead concentrations stimulate the growth of E. coli. In another study
(Nagaraja and Killedar, 1996), the lead content in pathogen infected leaves of the host
species were enhanced.
Cadmium, regarded as one of the most hazardous heavy metal pollutants in the
environment, is readily accumulated in human, animals and plants (Alloway, 1990;
Bokori, 1994; Chaney and Ryan, 1995; Kastori et al., 1992; Page and Chang, 1994;
Piscator, 1985; Rascio et al., 1993; Salim et al., 1993; Silanpaa and Jansson, 1992). The
concentration of cadmium in unpolluted soils depends upon the chemical composition
of parent rocks and normally is about 0.5 mg Cd/kg of soil (Kabata-Pendias and
Pendias, 1992). In non-contaminated agricultural soils of the U.S.A., cadmium
concentration ranges from 0.1 to 1.0 mg/kg (Page et al., 1987) with plants growing on
uncontaminated soils accumulating between 0.08 and 0.28 mg Cd/kg dry weight
(Kabata-Pendias and Pendias, 1992).
The production of cadmium has increased over 1700 times worldwide since the
beginning of the century (Wagner, 1993). McLaughlin et al. (1996) stated that a greater
possibility for transferring of cadmium from soils to edible parts of food crops exists as
compared with other elements. Soils with high cadmium concentrations are located in
several states (New Jersey, Pennsylvania, South Carolina, Texas, and Iowa) (Smith et
al., 1995). Page et al. (1987) have stated that on average the cadmium concentrations of
the soils from the Northeastern and Southeastern United States are less than these of the
soils from the North Central and Western regions.
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Cadmium, chemically similar to zinc, can enter the human body via drinking
water and inhalation, but the primary carrier of cadmium to the body is food. The major
health hazard associated with cadmium is accumulation of the metal in the kidneys with
eventual dysfunction of this organ. Although cadmium has no known effects on plant
growth, this metal is readily accumulated by plants, primarily through the root system.
The levels of accumulation depend on the soil cadmium concentration, soil pH,
competing metal ions, plant species, and the cultivars within a species. The
accumulation of cadmium in different parts of the plant also varies (Alloway, 1990;
Grant, et al., 1998; Page et ah, 1987). Cieslinski et al. (1996) observed that cadmium
uptake and bioaccumulation in selected cultivars of durum wheat and flax were strongly
influenced by both soil type and plant cultivar. The accumulation of cadmium by crops
is of concern because healthy looking plants can contribute substantial cadmium to the
human diet, especially in a long term (Alloway, 1990; Wagner, 1993).
Wagner (1993) cited several studies in which low-to-moderate levels of
cadmium have been observed to stimulate the growth of solution-cultured plants. Price
and Morel (1990) noted that cadmium stimulated the growth of a marine diatom
Thalassiosira weissflorii by substituting for zinc and cadmium even restored the growth
of zinc-deficient cells by 90 percent. Cadmium can increase ozone-induced
phytotoxicity, especially if the metal enters the plant via the root system (Czuba and
Ormrod, 1973).
Turner (1973) investigated the effect of cadmium on cadmium and zinc uptake
by selected vegetable species and observed that cadmium increased or decreased zinc
uptake, depending on cadmium concentration in the solution. In another study
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(Choudhary et al., 1994), application of zinc reduced cadmium uptake in durum wheat,
while Chrizzola (1997) noted that addition of cadmium to the soil reduced zinc uptake
in bush bean.
The accumulation of cadmium in plant tissue could be decreased by inoculation
of the soil with Desulphovibrio de sulphur leans bacteria before planting. Uher (1995)
observed that inoculation of the soil decreased cadmium concentration in pepper fruit
twice as much as that in the control.
Zinc is essential for normal plant growth and development, but at extreme
concentrations can cause severe phytotoxicity. The requirement of plants for zinc has
been studied extensively (Smith et al., 1993) and generally zinc concentrations between
70 and 400 mg/kg of soil are necessary for good plant growth. In plants, normal zinc
content is between 1.2 and 73 mg/kg dry weight (Kabata-Pendias and Pendias, 1992).
Generally, zinc is uniformly spread in parent rocks and results in surface soil content
ranging from 17 to 125 mg Zn/kg of soil (Kabata-Pendias and Pendias, 1992). Zinc
pollution of agricultural soils is associated with non-ferrous smelters, mining, sewage
sludge application, pesticides, and fertilizers. Most plant species exhibit a high
tolerance to elevated zinc concentrations in soils and zinc can reduce cadmium uptake
by plants (Chaney and Ryan, 1995). At very high concentrations zinc is phytotoxic to
plants (Page and Chang, 1994) and can cause adverse affects in livestock and humans.
The first zinc transporter genes from plants were identified and cloned in
Arcibidopsis thcilicina. Of these genes, two were expressed in roots in response to zinc
deficiency, thus these genes may be responsible for transport of zinc from the soil into
the plant. Another gene is induced in both shoots and roots of zinc-limited plants.
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suggesting that this gene may transport zinc intracellularly or between plant tissues.
Zinc controlling genes could be used for engineering plant species to remove metal ions
from contaminated soils (Grotz et al., 1998), an idea also proposed by other researchers
(Cunningham and Ow, 1996; Raskin, 1996; Wagner, 1993).
Elenany and Hamada (1995) investigated the effect of high concentrations of
zinc and other heavy metals on pigmentation, photosynthesis, and respiration of
sunflowers, peas, and wheat using the water culture technique. Zinc had the least
inhibitory effect, as compared with other heavy metals, and at lower concentrations
respiration was increased, but photosynthesis decreased. Wollgiehn and Neumann
(1995) studied the stress responses of tomato cell cultures to toxic metals and heat shock
and observed that treatment with cadmium, mercury, zinc, and arsenic caused the
synthesis of heat shock proteins without significantly affecting the synthesis of the
housekeeping proteins. The heat shock proteins were accumulated in the cytoplasm and
in the nuclei. Liu et al. (1995) evaluated the toxicity effects of different concentrations
of eleven different metals, among the studied metals were zinc, copper, lead, and
cadmium, on cell division and nucleoli in Allium cepa root tip cells, and observed that
metal ions, in varying degrees caused chromosome damages and nucleus irregularities.
Copper is an essential element involved in a number of important physiological
processes within plants, and has been studied intensively during the last few decades
(Salim et al., 1993). Background levels of copper in soils generally vary between 13
and 24 mg/kg dry weight, but may exceed this range in some cases (Kabata-Pendias and
Pendias, 1992). Copper concentration in plants is also variable, but levels beyond 20
mg/kg dry weight are considered to be excessive. Critical copper concentrations in soils
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are between 60 and 100 mg/kg dry weight whilst the level in plants ranges from 10 to
30 mg/kg dry weight (Kabata-Pendias and Pendias, 1992). At high concentrations
copper is toxic to plants (Page and Chang, 1994), and elevated copper concentrations in
the nutrient solution could lead to decreased chlorophyll content (Lee et al., 1996).
Some species, however, have evolved tolerance to high copper concentrations in
the soil. Kruckeberg and Wu (1992) investigated the copper tolerance in herbaceous
plant species colonizing copper mine sites in North California. Some of the species
belonged to Fabaceae others to Poaceae. The root tissue contained more copper than the
shoot tissue did and for the Poaceae species the authors suggested that the exclusion of
copper from the shoots might be the possible mechanism for copper tolerance.
Nagaraja and Killedar (1996) studied the effect of some pathogens on the
mineral content in the leaves of the host species and observed that in the diseased leaves
copper content was reduced, as well as the concentration of some other minerals.
Elenany and Hamada (1995) investigated the effect of copper and some other heavy
metals on some physiological processes in two-week-old sunflowers, peas, and wheat
using the water culture technique. Copper had the most inhibitory effect compared to
the other heavy metals, but lower copper concentrations increased respiration.
Phytoremediation
The cost of currently used technologies for remediation of contaminated land is
variable and, depending on the contaminant, soil properties, site conditions, and the
volume of material to be remediated, the cost ranges from $ 10 to $3000 per m3 of soil
(Cunningham et al., 1995). Very often after the use of physico-chemical remediation
techniques, however, the soil medium was biologically dead (Baker et al., 1991), the
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site has been disrupted (Skladany, 1992), the cleanup goal was not achieved (Will,
1995) , or simply the technique was not the right one for a particular site (Tunnell et al.,
1996) .
Phytoremediation is an alternative to the costly engineering techniques.
Cunningham et al. (1996) defined phytoremediation as the “use of green plants and their
associated microbiota, soil amendments, and agronomic techniques to remove, contain,
or render harmless environmental contaminants.” Raskin et al. (1994) discussed the
ability of certain plants to concentrate non-essential heavy metals in their roots and
shoots to levels far exceeding those in the soil and their potential to clean up soil and
water contaminated with heavy metals. These species are mainly restricted to
metalliferous soils and have wild nature. Punz (1995) reported the majority of metal
resistant species in the Eastern Alps belonged to the following families Poaceae,
Caryophyllaceae, Brassicaceae, Asteraceae, Lamiaceae, Scrophularaceae, and
Rubiaceae.
The ability to accumulate and remove metals from the medium is not restricted
only to the higher plants. Such ability has been investigated in two brown seaweeds,
Fucus serrcitus and Laminaria digitalis (Wilson and Edyvean, 1993). These seaweeds
showed the ability to remove cadmium (95 percent) and mercury (85 percent) from an
aqueous solution. In another study, Wilson et al. (1995) explored the potential of
several brown seaweeds for biosorption of metal ions from waste water and high
removal (90-95 percent) was observed for mercury and cadmium.
Phytoremediation can be divided into three classifications: phytoextraction
(metal-accumulating plants are used to transport and concentrate metals from the soil
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into harvestable parts of roots and aboveground shoots) (Kumar et al., 1995),
rhizofiltration (plant roots absorb, precipitate, and concentrate toxic metals from
polluted effluents) (Dushenkov et al., 1995), and phytostabilization (heavy metal
tolerant plants are used to reduce the mobility of heavy metals and thus reduce the risk
of further environmental degradation) (Cunningham and Ow, 1996; Cunningham et al.,
1995; Salt et al., 1995). Of these phytoremediation mechanisms, phytoextraction
appears to be the most suitable and cost effective alternative to the conventional
approaches for remediation of heavy metal polluted agricultural soils. With
phytoextraction, metals are physically absorbed from the soil by plants, making
collection of the contaminated plant material an effective mechanism for removal of the
metal from the immediate site. Such metal contaminated plant tissue could be easily
and safely disposed or used as a source for recycling the metals (Brown et al., 1995;
Chaney, 1995; Zheljazkov, 1995ab; Zheljazkov and Fair, 1996; Zheljazkov and
Nicolov, 1996; Zheljazkov and Nielsen, 1996abc; Zheljazkov and Wicox, 1995).
Phytostabilization, applicable for revegetation and stabilization of mine wastes, requires
metal tolerant plants adaptable to a wild environment (Smith and Bradshaw, 1979).
The first plant-based system for remediation purposes was applied over 300
years ago in Germany for the treatment of municipal sewage (Cunningham et al., 1996,
after Hartman). Research on using similar systems based on semi-aquatic plants for
treatment of radionuclide-contaminated waters was done in Russia at the beginning of
the nuclear era (Salt et al., 1995, after Timofeev - Resovsky et al.).
Entry et al. (1996) stated that fast growing plants inoculated with mycorrizal
fungi combined with soil organic amendments for maximizing the plant accumulation
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could be used for removal of radionuclides from contaminated soils, when the area is
large and the use of energy intensive engineering solutions to remediate huge volumes
of soil is not feasible or economical.
A number of studies have investigated the accumulation abilities of different
species or their potential for heavy metal tolerance, some of these species are crops,
others have wild nature. Berti et al. (1994) proposed the idea of using green plants
along with soil amendments as a feasible alternative to the current engineering
techniques for remediation of contaminated soils. A simple agronomic technique liming, was shown to significantly reduce cadmium, nickel, and zinc uptake by carrots
and spinach (Hooda and Alloway, 1996). Another agronomic technique - growing ironefficient species in iron-deficient soils could enhance the uptake of toxic elements, as
shown in the study done by Rodecap et al. (1994) with Arabidopsis thaliana L. plants in
a greenhouse experiments conducted to study the accumulation of cadmium. Similar
results were obtained in an experiment done by Cohen et al. (1998) with pea (Pisum
sativum L. cv. Sparkle) plants and Arabidopsis thaliana L. plants grown in a nutrient
solution. Inoculation of plants with arbuscular mycorrhizal fungi protected plants
against heavy metal pollution in soils as noted by Ricken and Hofner (1996) in a study
with lucerne {Medicago sativa L.) and oat (Avena sativa L.), although host plants
reacted differently. Weissenhorn et al. (1995) investigated the effect of arbuscular
mycorrhizal fungi on the uptake of several heavy metals, cadmium, zinc, copper, lead,
and manganese by maize (Zea mays L.), observed that mycorrhizal inoculation
increased root-shoot translocation of copper and zinc, and proposed the idea that
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arbuscular mycorrhizal inoculation may increase plant metal absorption from polluted
soils.
Yevdokimova, (1994) determined the coefficients of biological absorption of
copper and nickel in a range of crops. Those with high absorption of these metals
(lettuces, sorrel, fescue, timothy, and brome grass) were suggested for bioremediation of
soils. In another study (Metz and Wilke, 1992), silage maize accumulated significant
amounts of cadmium in leaves, stalks, and roots. Huang and Cunningham (1996)
observed that com also has the ability to extract lead from soil and in combination with
soil amendment (HEDTA) this ability could be increased dramatically. The shoot lead
concentration was 265 fold increased, and the authors suggested that corn might be used
for the clean-up of lead contaminated soil. Vincenc et al. (1995) monitored the contents
of zinc, cadmium, lead, chromium, mercury, and arsenic in the soil and rape shoots and
roots in field trials and noted lead content in the seeds exceeded acceptable limits,
although soil heavy metal contents were within acceptable limits. The crop could not be
recommended for green fodder, but the seed could be used for biodiesel production.
Terrestrial plants, such as Indian mustard (Brassica juncea), sunflower
(Helianthus annuus) and various grasses grown hydroponically have been examined for
toxic heavy metals in roots (Dushenkov et al., 1995). In another study (GardeaTorresdey et al., 1996), the ability of several different populations of alfalfa (Medicago
sativa) to bind copper ions from solution was studied, and the biomasses having copper
binding characteristics depended on pH. Canarutto (1993) investigated the potential of
lucerne to decontaminate polluted soils at laboratory scale and noted that lucerne had
good transfer coefficients for zinc, lead, copper, and nickel.
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Kumar et al. (1995) investigated the ability of various crop plants to accumulate
lead in shoots and roots. Some cultivars of Brassicci juncea not only accumulated high
levels of lead in the roots but also transported the metal to their shoots. B. juncea also
concentrated other metals such as cadmium, nickel, zinc, copper, and chromium 6+ in
the shoots. The authors suggested that some of these cultivars might be used to clean up
metal contaminated sites. In another study (Blaylock et al., 1997) the ability of
Brassica juncea to accumulate lead when grown in lead-contaminated soil was

enhanced by means of application of chelating agents to the soil. The accumulation of
other heavy metals as cadmium, copper, nickel, and zinc was also demonstrated. The
authors concluded that the accumulation of metals in the shoots of Brassica juncea
could be enhanced through the application of synthetic chelates to the soil. Ebbs and
Kochian (1997) studied the toxicity of zinc and copper on three species from the genera
Brassica grown hydroponically. Root and shoot dry weight of the three species was
significantly reduced in the presence of the heavy metals. All three species were more
effective at removing zinc than copper from the nutrient solution. When both metals
were present in the solution extend of their removal was reduced compared to the single
heavy metals. The use of these species for phytoremediation was suggested.
Brown (1995) stated that one of the earliest examples of a hyperaccumulator
plant was the Italian serpentine plant Alyssum bertolonii and another such plant more
recently identified was the alpine pennycress Thlaspi caerulescens. The Australian tree
Sebertia acuminata has the ability to accumulate such high nickel content (up to 20

percent dry wt) in its sap that the sap turns green.
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Brown et al. (1994) investigated the ability of alpine pennycress (Thlaspi
caerulescens) and bladder campion (Silene vulgaris) to take up zinc and cadmium from

contaminated soils and the study showed that T. caerulescens had much greater
tolerance to the metals than the bladder campion did, and T. caerulescens was also
more effective in transporting both zinc and cadmium from soil to plant shoots. In
another study the same authors (Brown et al., 1995a) investigated the zinc and cadmium
uptake by T. caerulescens grown in nutrient solution and the same trends were found,
thus the authors suggested that T. caerulescens may be used for phytoremediation of
zinc contaminated soils. Yet in another study done by Brown et al. (1995b) T.
caerulescens and S. vulgaris were grown on sludge-amended soils and T. caerulescens

had high concentration of zinc with no relation to available zinc in the soil. In a study
done by Baker et al. (1994) several British populations of T. caerulescens were tested in
solution culture for tolerance to 12 metals and found that cadmium, zinc, cobalt, nickel,
and manganese were readily transported to the shoots while aluminum, chromium,
copper, iron, and lead were immobilized in the roots. McGrath et al. (1997) compared
the ability of T. caerulescens and T. ochroleucum to accumulate heavy metals when
grown on polluted soils. T. caerulescens accumulated about 5 times more zinc in the
shoots than T. ochroleucum did, but there were small differences between the two
species in the uptake of cadmium, chromium, copper, nickel, and lead. The authors
suggested that T. caerulescens could be used for removing zinc from contaminated
soils, and that this ability was independent from the pH change in the rhizosphere.
Reeves and Brooks (1983) reported about two species - Thlaspi rotundifolium subsp.
Cepaeifolium and Alyssum wulfenianum growing on mining areas in Northern Italy and
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their ability to hyperaccumulated lead and zinc. Boyd and Martens (1994) studied the
relation between the nickel accumulation by T. montanum var. montanum and the
defense against herbivores. Larvae fed with leaves of plants grown on soils with high
nickel content did not grow and showed 100 percent mortality after 12 days. The
authors concluded that hyperaccumulation of nickel may be an herbivore defense
mechanism for some plants growing on serpentine soils. The ability of some nickel
hyperaccumulators of the genus Alyssum to uptake cobalt and copper was compared in
a study done by Homer et al. (1991). Varennes et al. (1996) reported the ability of
Alyssum pintodasilvae, an endemic species to serpentine soils in NE Portugal, to

accumulate nickel in high levels without significant decrease of the dry matter yield.
This species also had an ability to accumulate chromium, copper, lead, and zinc, and
only cadmium had negative effect on dry matter yield. Alyssum pintodasilvae was
suggested for detoxifying nickel-contaminated soils. Kruckeberg et al. (1993) reported
the first nickel hyperaccumulator from northwest North America - the species Arenaria
rubella (Caryophyllaceae). Koe and De-Koe (1994) reported two species growing on

mine sites in NE Portugal - Agrostis castellana and Agrostis delicatula. A. castellana
accumulated high levels of arsenic and zinc in shoots, and copper and cadmium in roots.
A. delicatula accumulated high levels of manganese and lead in roots. Both species

were suggested for use in revegetation programs. Prodgers and Inskeep (1991)
suggested another grass - Distichlis spicata for revegetation of copper, zinc, and
manganese polluted sites.
Some of the identified heavy metal tolerant plants are wild species, others are
edible crops. Most of these species are unsuitable for use as phytoextractors of
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agricultural soils contaminated with heavy metals as the wild nature makes cultivation
difficult and the relatively small size and slow growth rate reduce vegetative
development for metal accumulation, or the edible crops could pose the danger of
contamination of the food chain. In addition, production of a wild species generates no
revenue, making the growth of such plants uneconomical and thus unattractive to
farmers with contaminated soils.
Phytoremediation process could be improved by using species grown for
secondary products (essential oils) and not for food or forage. Preliminary experiments
have indicated that some aromatic, ornamental, and medicinal plants are heavy metal
tolerant, develop a large quantity of above ground herbage, grow rapidly and appear to
accumulate large amounts of some metals (Schneider and Marquard, 1996; Zheljazkov
and Fair, 1996; Zheljazkov and Nicolov, 1996; Zheljazkov and Nielsen, 1996abc).
A study conducted by Shalaby et al. (1996) with several medicinal plants - anise
(Pimpinella anisum), caraway (Canon carvi), coriander (Coriandrum sativum),

spearmint {Mentha spicata), sweet basil {Ocumnm basilicum), and Geranium, showed
their ability to accumulate heavy metals such as zinc, copper, cobalt, nickel, lead,
cadmium, manganese, and iron from the medium. Schneider and Marquard (1996)
investigated the ability of St. John’s wort {Hypericum perforatum L.) for cadmium
uptake and found strong positive correlation between the cadmium content in the soil
and the amount of cadmium in the plants. Also, there were differences in the cadmium
accumulation between the genotypes tested. Zheljazkov and Fair (1996) studied the
ability of some plants from genera Artemisia, Draccocephalum, Inula, Ruta, and
Symphytum to thrive on heavy metal polluted soils. Although the concentrations ot the
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heavy metals - cadmium, lead, zinc, and copper, in the plant parts were above the
critical concentrations for plants, no heavy metal toxicity symptoms were seen, but yield
reduction by 12 to 21 percent was observed. The investigators recommended the tested
medicinal species for growth on highly heavy metal polluted soils, if only used for
obtaining essential oils or other biologically active substances, but not edible products.
Zheljazkov and Nielsen (1996b) studied the ability of clary sage (Salvia sclarea L.) to
grow in heavy metal polluted soils. At the most contaminated sites the inflorescence
and essential oil yields were reduced by 17 percent, compared to the control. Clary sage
was suggested for growth on soils with severe heavy metal pollution. In another study
done by Zheljazkov et al. (1996) the uptake and distribution of cadmium, manganese,
copper, and iron in three cultivars of clary sage was compared. Of these cultivars, two
had higher yields than the third one. The heavy metals were distributed differently in
the plant parts. The highest amount of cadmium and copper was accumulated in the
roots, manganese and zinc were translocated to the leaves, and the content of iron in the
leaves and roots was the same. Zheljazkov and Nielsen (1996c) studied the effect of
cadmium, lead, copper, manganese, zinc, and iron on the growth, productivity and
quality of two cultivars of the English lavender {Lavandula angustifolia Mill.) and
found that heavy metals had no effect on the growth of lavender, the essential oil
content and yield, and oil composition. Lavender was able to translocate cadmium,
lead, and zinc from its roots into the above ground parts, while the highest amounts of
copper, manganese, and iron, were found in the roots. The investigators recommended
both cultivars for growth on highly heavy metal polluted soils.
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The potential of aromatic, ornamental and medicinal plants in phytoextraction is
ideal since these species are grown primarily for secondary products (essential oils),
thus the danger of transferring heavy metals into the food chain does not exist.
Research done with aromatic plants has indicated that in the process of extraction and
distillation of oils, the heavy metals do not pass into the final, commercial product.
Zheljazkov and Jekov (1996) determined the amount of some heavy metals cadmium, lead, copper, manganese, and zinc in commercial samples of essential oils
and plant extracts of Rosa damascena, Lavandula vera, Mentha piperita, Salvia sclarea,
Ocimum basilicum, Foeniculum vulgare, Coriandrum sativum, Anethum graveolens,
Hyssopus officinalis, and Rhus cotinus. The oils were collected from different regions

and also from species grown on heavily polluted soils. The concentrations of the most
hazardous heavy metals were very low in the tested oils and plant extracts.
In a study with clary sage (Zheljazkov and Nielsen, 1996b) the essential oils
were not contaminated with heavy metals. The same was found in another study
(Zheljazkov and Fair, 1996) about the essential oils obtained from Inula helenium and
Ruta graveolens. Scora and Chang (1997) found that the heavy metal concentrations in

the essential oil of peppermint {Mentha X piperita L.) when grown on municipal
sludge-amended soil were not significantly different from the control, and the chemical
composition of the oil was not altered by the heavy metals.
Zheljazkov and Nielsen (1996c) found that although the inflorescence of
lavender grown on heavy metal polluted soil, accumulated high amounts of the metals,
the oil was not contaminated. In another study (Zheljazkov and Nikolov, 1996) the
contents of sylimarin and fat oil in the seed of Sylibum marianum L were not aftected
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by cadmium, lead, copper, manganese, and zinc in the soil, in addition these products
were not contaminated by the heavy metals.
Seed germination and heavy metals
The starting point of development for many plants is the seed germination.
Since most of the agronomic crops are sown directly in the field and contamination of
agricultural soils with heavy metals is an existing problem, the effect of different heavy
metals on seed germination has been investigated in many studies. Most of the studies
deal with edible crops or wild species.
Mishra and Choudhuri (1997) studied the effect of lead and mercury on seed
germination of two rice cultivars. Both metals inhibited the percent germination, shoot
and root growth. Both cultivars showed different response to the heavy metals and
mercury inhibited seed germination to the higher degree than lead. Al-Helal (1995)
investigated the effect of cadmium and mercury on seed germination and seedling
growth of rice and alfalfa. Both parameters decreased with increasing concentrations of
the metals. Root growth of the rice seedlings was more inhibited by the heavy metals
than shoot growth. Zhou and Gao (1994) found that alfalfa was insensitive to cadmium,
when present alone in the media. In combination with arsenic, seed germination,
growth, and development were inhibited. The investigators proposed that arsenic might
promote absorption of cadmium or cadmium might inhibit absorption of arsenic. The
interaction between both metals might have an effect on copper and lead absorption.
Chugh and Sawhney (1996) studied the adverse effect of cadmium on seed
germination of pea (Pisum sativum L.) seeds as well as the impact on respiration and
amylolytic activity. The negative effect of cadmium increased with increasing
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concentrations of the metal in the media. Ayaz and Kadioglu (1997) found that percent
germination of lentil seeds {Lens esculenta L.) gradually decreased with increasing
concentrations of zinc, cadmium, copper, and mercury. The effect of heavy metals for
some species could be beneficial as shown in the study done by Delatorre and Barros
(1996). At high concentrations cadmium, copper, and zinc partially released freshly
harvested seeds of Stylosanthes humilis from physiological dormancy. Some metals at
low concentrations promote seed germination and seedling growth as found by Pundir
(1995) in the study with manganese and seeds of com {Zea mays L.). Similar trend was
found by Ribeiro and Santos (1993) for manganese and germination of com seeds,
wfiile copper significantly inhibited germination of com at all concentrations. When
both metals were present in the media, the germination was inhibited and even seedling
abnormalities were noticed. In another study done by Ribeiro and Santos (1994) lower
concentrations of manganese and copper, applied separately, increased germination of
soybean seeds by 25 percent and 14 percent, while the higher concentrations of copper
and combined application of both metals resulted in abnormal seedlings. Copper had an
inhibitory effect on seed germination of Astragalus sinicus seeds at higher
concentrations (Liu et al., 1993) and lower concentrations did not decreased
germination, but had negative effect on root and shoot growth.
Titov et al. (1996) investigated the effect of lead and cadmium on barley and
wheat. Cadmium inhibited seed germination, root, and shoot growth at lower
concentrations than lead. Both crops had similar resistance to lead, while barley w'as
more resistant to cadmium than wheat. Kalita et al. (1993) found that germination of
wheat {Triticum aestivum L.) decreased with increasing cadmium concentrations.
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Yadav et al. (1995) studied the effect of cadmium on seed germination and seedling
growth of two cultivars of wheat. Cadmium inhibited both parameters, and both
cultivars showed different response to the metal.
Hsu and Chou (1992) found that seed germination and seedling growth of
Miscanthus species were most inhibited by cadmium and least by lead. The inhibitory
effect of copper was greater than that of mercury. Seeds imbibed in heavy metal
solutions required more time to reach 50 percent of the final germination than those
imbibed in distilled water.
Heavy metals and seed germination of medicinal and aromatic plants
Little information is available in the literature about the effect of heavy metals
on seed germination of medicinal and aromatic plants. Corradi et al. (1993)
investigated the chromium toxicity on clary sage (Salvia sclarea L.). The hexavalent
chromium had no effect on in vitro seed germination, but inhibited growth of the
emerging radicle, yet the early development of the shoots and cotyledons was normal.
After 48 h the toxicity of chromium was obvious - cotyledons exhibited chlorosis,
chlorophyll and carotenoid contents were reduced.
Few studies tested the effect of salinity on some medicinal and aromatic plants.
Zidan and Al-Zahrani (1994) studied the effect of sodium chloride on germination and
seedling growth of sweet basil (Ocimum basilicum L.). Germination was affected by
higher concentration of sodium chloride, while seedling growth was decreased by lower
concentration of sodium chloride. The investigators concluded that sweet basil is a
moderately salt tolerant species.
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Singh and Bhargava (1995) investigated the effect of soil salinity on dill
{Anethum graveolens L.) and safflower (Carthamus tinctorius L.). The investigators

found that seed germination of dill was reduced at lower degree of soil salinity than that
of safflower.
Knowing the effect of heavy metals most often associated with contamination of
agricultural land, on seed germination and early seedling development of some
medicinal and aromatic plants with possible use in the phytoremediation process, could
be beneficial to farmers with contaminated land and would allow them to sow directly
the crop in the field, instead of using transplants.

23

CHAPTER 3
MATERIALS AND METHODS
General
Plant material
A total of nine aromatic plant species were tested for seed germination in a
heavy metal environment. All seeds were purchased locally (Table 1).

Table 1. Some medicinal and aromatic plants tested for seed germination and root
growth in heavy metal environment.

Family

Common name

Apiaceae

Anise
Caraway
Coriander
Cumin
Dill
Fennel
Alyssum
Indian mustard
Basil
Sage

Brassicaceae
Lamiaceae

Scientific name
Pimpinela anisum L.
Carum carvi L.
Coriandrum satibum L.
Cuminum cyminum L.
Anethum graveolens L.
Foeniculum vulgare L.
Alyssum sp.
Bras sic a juncea L.
Ocimum basilicum L.
Salvia officinalis L.

Company & lot number
Lake valley
Lake valley
Burpee
Lake valley
Burpee
Lake valley
Lake valley
Burpee
Johnny’s
Burpee

A2B
A2C
4
A2G
10
A2S
A2B
4
13052
5

Seed germination
To determine the effect of heavy metals on seed germination randomly selected
samples of fifty seeds from each test species were used. The selected seeds were placed
on two sheets of filter paper (Whatman No. 1) contained in Petri plates (9 cm diameter).
Solutions of heavy metals (15 mL) were subsequently added to the seed-containing Petri
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plates to wet the filter paper and contaminate the samples (Table 2). Distilled water was
added to the Petri plates in place of the heavy metal solution as a control.
After addition of the test solutions, the Petri plates with seeds were randomly
positioned in a controlled environmental chamber on a 24 h temperature cycle 24±1°C
and 18±1°C (for 12 h each) for germination. None of the tested species required light
for germination and thus no light was added. Seed germination was measured every 24
h. Seeds were considered to have germinated at radical emergence of 1 mm. Root
length of germinated seedlings was measured at the end of the experimental trial.
Experimental
Seed samples
To determine the amount of heavy metals absorbed by seeds during germination,
seeds of the following species basil (Ocimum basilicum L.), dill (Anethum graveolens
L.), and Indian mustard (Brassica juncea L.) were exposed to the heavy metal
treatments in two replicates, one gram each. Seeds of the different species were kept in
the heavy metal solutions for different times, depending on the time needed by a
particular species for imbibition, but no radicle emergence.
After imbibition the seeds were rinsed three times with distilled water to remove
heavy metals from the seed surface and apparent free space in seed. The seeds were
then dried in an oven at 68 °C until a constant weight was reached. The dried seeds
were ground into a fine powder using a ceramic pestle and mortar and stored at room
temperature (« 23 °C) until heavy metal analysis.
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Heavy metal solutions
Heavy metal test solutions were made with cadmium (Cd), lead (Pb), copper
(Cu), and zinc (Zn) using CuC12-2H20, PbCl2, CdCl2-2 Vi H20, and ZnCl2. Individual

Table 2. The heavy metal solutions used as treatments in testing the potential of some
medicinal and aromatic plants for phytoremediation.

Elements

Cd
Cd
Cu
Cu
Pb
Pb
Zn
Zn
Cd + Cu
Cd + Cu
Cd + Pb
Cd + Pb
Cd + Zn
Cd + Zn
Cu + Pb
Cu + Pb
Cu + Zn
Cu + Zn
Pb + Zn
Pb + Zn
Dist. H20

Concentration1
(mg/L)

pH

5.53
5.62
6.10
5.80
6.85
5.70
7.30
6.50
6.27
5.66
6.50
5.83
7.22
6.50
6.04
5.31
6.18
5.70
6.52
6.33
5.79

6
10
60
150
100
500
400
800
6 + 60
10+150
6+100
10 + 500
6 + 400
10 + 800
60+100
150 + 500
60 + 400
150 + 800
100 + 400
500 + 800
0

1 Lower value = the critical concentration of the metal in the soil (Allovvay, 1990; Beckett and
Davis, 1979). Upper value = the approximate concentration at which plants have been
observed to grow.
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metals and combinations of two metals were prepared at two concentrations, the critical
concentration of the metal in the soil and approximately two times the critical
concentration (Table 2) (Alloway, 1990; Beckett and Davis, 1977).
Seed analysis
Microwave digestion of the seed samples
Dried, ground seed samples were digested using a CEM Microwave sample
preparation system (Model MSP-1000, CEM Corporation, Matthews, NC) operating at
2455MHz at 650 W. All seed samples were redried overnight just prior to being
weighed and digested. The sample size used for digestion was 0.5 grams.
The seed sample was placed in an Advanced Composite Vessel (ACV) (100 mL
volume) with inner PFA Teflon® sample liner. Concentrated (70 percent w/w trace
metal grade) nitric acid (15 mL) was added to each vessel. The vessels were closed and
placed into a 360 0 turntable capable of holding 12 vessels and rotating the samples 9
times per minute in the microwave oven.
The digestion procedure provided by Leslie Rhodes (personal communication)
from CEM Corporation was followed (Table 3). At the end of the microwave program
the vessels were allowed to cool for about 5 minutes and then removed from the
microwave unit. Prior to the digestion procedure and after completing the treatments all
vessels were weighed. If the weight of acid plus sample decreased by more than 10
percent from the original weight, the sample was discarded and a duplicate was run
again.
In each run one vessel contained only 15 mL of nitric acid for analytical blank
purposes. After cooling, the vessel cap was loosened and the interior gas expelled into a
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fume hood. The inside of the cap was washed with small volumes of distilled water and
the content of each vessel was quantitatively transferred into a 25 mL volumetric flask
and diluted to volume with distilled water (Dilution 1). The sample solutions were
stored in 25 mL screw-capped polypropylene bottles prior to analysis.
Elemental analysis of the digested seed samples
The metals of interest cadmium, copper, lead, and zinc, in the digested seed
samples were determined by an inductively coupled argon plasma spectrophotometer.
Standard solutions were obtained by appropriate dilution of 1000 mg/L (for cadmium,
copper, and zinc) and 2000 mg/L (for lead) stock solutions in two contiguous steps.
Step 1: Cadmium stock solution (1 mL), copper stock solution (2 mL), lead
stock solution (2.5 mL), and zinc stock solution (2 mL), were placed in a 100 mL
volumetric flask, and diluted to 100 mL with distilled water.

Table 3. Stages in the digestion procedure.

Digestion stages1
Digestion variables
1

2

3

4

60
Power (%)
40
PSI (pressure/sq. inch)
10:00
Time (min)
TAP (time at parameter) 5:00
120
Temperature (°C)
100
Fan (% capacity)

60
85
10:00
5:00
140
100

60
135
10:00
5:00
160
100

60
175
10:00
5:00
180
100

1 Stages necessary for a complete digestion of the seed samples.

28

Step 2: The solution resulting from step 1(10 mL) was transferred to a different
100 mL volumetric flask, concentrated (70 percent) nitric acid (20 mL) was added and
the content was brought to final volume with distilled water.
The digests were further diluted to ensure that the samples and standards are
matrix matched. For the Dilution 2, 5 mL of the solution resulting from Dilution 1 were
taken and 10 mL of distilled water were added.
Data analysis
Statistical analysis of data was done using two-way analysis of variance, which
was conducted using the general linear models procedure (GLM) in SAS software
program (SAS, Institute, 1989-96). The interaction effects between species and
treatments were fully evaluated. Means were separated using Tukey’s w procedure
where the interaction of species within each level of treatments was significant. Means
were also compared against the control using Dunnetf s procedure. Significant
differences were defined at the 0.05 level.
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CHAPTER 4
RESULTS
Among the selected medicinal and aromatic species, cadmium did not
significantly affect seed germination (Table 4). In an environment with cadmium, seed
germination among the tested species was highest in caraway (118.2 %) and lowest in
anise (83.2 %) with cadmium concentration of 6 mg/L and 10 mg/L, respectively. Both
tested cadmium concentrations (6 and 10 mg/L) had a similar effect on seed
germination in all tested species.
Cadmium significantly affected root growth of the tested seedlings. Root
growth was apparently promoted by low levels of cadmium in cumin, as root growth
was 30 percent higher in seedlings treated with 6 mg/L cadmium as compared with
control. In caraway and dill, root growth was not affected by cadmium. Under all other
tested conditions, root growth was significantly reduced by cadmium. At a cadmium
level of 10 mg/L, root growth in alyssum, anise, basil, fennel, and mustard was reduced
over 50 percent. No differences in root growth with the different tested concentrations
of cadmium were noted in alyssum, anise, caraway, dill, fennel, mustard, and sage.
Copper concentrations of 150 mg/L completely inhibited seed germination in
basil, caraway, and dill (Table 5). Seed germination in cumin and fennel, 11.9 and 36.8
percent of control, respectively, was greatly reduced by a copper concentration of 150
mg/L. At a copper concentration of 60 mg/L, seed germination was significantly
reduced, as compared with controls, in anise and basil. Root growth in all species was
reduced by both of the tested copper concentrations. No differences in species
sensitivity to copper regarding root growth were observed.
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Table 4. Effect of cadmium on seed germination and root growth of some
medicinal and aromatic plants

Species

Cadmium
concentration1
(mg/L)

Germination2
(% control)

Root growth3
(% control)

Alyssum

6
10

100.0
100.0

62.2*efgh
44.5*hi

Anise

6
10

85.0
83.2

59.3*fgh
40.7*hi

Basil

6
10

109.4
105.9

62.8*efgh
28.7*i

Caraway

6
10

118.2
114.5

122.3 ab
102.6 bed

Cumin

6
10

89.6
88.6

132.6*a
77.4 def

Dill

6
10

98.0
100.8

111.3 abc
87.6 ede

Fennel

6
10

94.2
89.7

71.7 efg
48.2*ghi

Mustard

6
10

103.2
100.0

52.6*fghi
39.4*hi

Sage

6
10

102.1
101.4

63.7*efgh
52.5*fghi

Significance

not significant

significant

* Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis,
1979). Upper value = the approximate concentration at which plants have been observed to grow.
2 Seed germination for control was: alyssum 98 %, anise 80 %, basil 85 %, caraway 55 %, cumin 67 %.
dill 85 %, fennel 87 %, mustard 95 %, sage 47 %.
3 Root growth for control was: alyssum 14.6 mm, anise 33.0 mm, basil 24.4 mm, caraway 15.6 mm,
cumin 25.2 mm, dill 11.6 mm, fennel 61.4 mm, mustard 39.8 mm, sage 56.8 mm.
Means with the same letter were not significantly different at 0.05 level (Tukey's w test). Means
followed by * were significantly different from the control at 0.05 level (Dunnett’s test).
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Table 5. Effect of copper on seed germination and root growth of some
medicinal and aromatic plants

Species

Copper
concentration1
(mg/L)

Germination2
(% control)

Root growth3
(% control)

Alyssum

60
150

84.7 abed
59.2*bcde

12.0*
6.8*

Anise

60
150

60.0*bcde
50.0*cdef

18.9*
19.4*

Basil

60
150

50.6*cdef
0.0*g

7.5*
0.0*

Caraway

60
150

69.1 abede
0.0*g

24.0*
0.0*

Cumin

60
150

92.5 abc
11.9*fg

20.5*
8.6*

Dill

60
150

78.8 abede
0.0*g

28.7*
0.0*

Fennel

60
150

92.0 abc
36.8*efg

11.9*
3.4*

Mustard

60
150

100.0 ab
60.0*bcde

2.9*
2.5*

Sage

60
150

106.4 a
46.8*def

3.7*
1.8*

significant

Significance

not significant

1 Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis,
1979). Upper value = the approximate concentration at which plants have been observed to grow.
2 Seed germination for control was: alyssum 98 %, anise 80 %, basil 85 %, caraway 55 %, cumin 67 %,
dill 85 %, fennel 87 %, mustard 95 %, sage 47 %.
3 Root growth for control was: alyssum 14.6 mm, anise 33.0 mm, basil 24.4 mm, caraway 15.6 mm,
cumin 25.2 mm, dill 11.6 mm, fennel 61.4 mm, mustard 39.8 mm, sage 56.8 mm.
9

Means with the same letter were not significantly different at 0.05 level (Tukey’s w test). Means
followed by * were significantly different from the control at 0.05 level (Dunnett's test).
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Table 6. Effect of lead on seed germination and root growth of some medicinal
and aromatic plants

Species

Lead
concentration'
(mg/L)

Germination2
(% control)

Root growth3
(% control)

100.0 be
94.9 be

61.6*bc
16.6*fg

Alyssum

100
500

Anise

100
500

72.5 ede
60.0*cdef

29.3*defg
8.8*g

Basil

100
500

100.0 be
58.8*cdef

22.5*defg
5.8*g

Caraway

100
500

130.9 ab
50.9*def

Cumin

100
500

89.6 bed
34.3*ef

Dill

100
500

96.5 be
23.5*f

69.7 b
18.0*fg

Fennel

100
500

86.2 cd
85.4 cd

45.5*bcde
19.0*fg

Mustard

100
500

100.0 be
102.3 be

20.5*efg
5.9*g

Sage

100
500

170.2*a
168.2*a

47.2*bcd
7.0*g

significant

significant

Significance

105.2 a
20.8*efg
130.6 a
40.3*cdef

1 Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis,
1979). Upper value = the approximate concentration at which plants have been observed to grow.
2 Seed germination for control was: alyssum 98 %, anise 80 %, basil 85 %, caraway 55 %. cumin 67 %,
dill 85 %, fennel 87 %, mustard 95 %, sage 47 %.
2 Root growth for control was: alyssum 14.6 mm, anise 33.0 mm, basil 24.4 mm, caraway 15.6 mm,
cumin 25.2 mm, dill 11.6 mm, fennel 61.4 mm, mustard 39.8 mm, sage 56.8 mm.
Means with the same letter were not significantly different at 0.05 level (Tukey’s w test). Means
followed by * were significantly different from the control at 0.05 level (Dunnett's test).
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Lead significantly affected seed germination and root growth of the tested
species (Table 6). Seed germination was greatly promoted in sage by both levels of lead
(100 and 500 mg/L), as seed germination was 70 percent higher as compared with
controls. In alyssum, fennel, and mustard, seed germination was not affected by lead.
No differences in seed germination with the different tested concentrations of lead were
noted in alyssum, anise, basil, fennel, mustard, and sage.
Root growth among the tested species was highest, but not significantly different
from the control in cumin (130.6 %) with lead concentration of 100 mg/L. In caraway
and dill, root growth was not affected by lower lead level. Root growth in all other
tested species was significantly reduced by both of the tested lead levels. The most
sensitive species to lead regarding root growth were anise, basil, and mustard.
Zinc at both tested concentrations (400 and 800 mg/L) significantly promoted
seed germination in sage (Table 7). In alyssum, basil, and mustard, seed germination
was not affected by zinc. At a zinc concentration of 400 mg/L, seed germination was
significantly reduced, as compared with controls, in anise, cumin, and dill. Root growth
in all species was reduced by both of the tested zinc concentrations. No differences in
species sensitivity to zinc regarding root growth were observed.
In an environment with cadmium and copper, seed germination among the tested
species was highest in sage (112.8 and 110.6 %) with cadmium and copper
concentrations of 6 + 60 mg/L and 10 + 150 mg/L, respectively (Table 8). The
combination of cadmium and copper concentrations of 10 + 150 mg/L completely
inhibited seed germination of anise, basil, and dill. Seed germination in alyssum,
caraway, cumin, and fennel was reduced over 50 percent at copper and cadmium
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Table 7. Effect of zinc on seed germination and root growth of some medicinal
and aromatic plants

Species

Zinc
concentration1
(mg/L)

Germination2
(% control)

Root growth3
(% control)

Alyssum

400
800

94.9 cd
84.7 cde

Anise

400
800

56.3*defgh
37.5*fgh

6.8*
6.1*

Basil

400
800

84.7 cde
72.9 cdefg

6.5*
4.1*

Caraway

400
800

67.3 cdefgh
30.9*fgh

17.1*
12.8*

Cumin

400
800

37.3*fgh
29.9*gh

18.5*
15.5*

Dill

400
800

44.7*efgh
23.5*h

24.4*
14.4*

Fennel

400
800

74.7 cdef
40.2*fgh

11.4*

20.0*
18.3*

4.8*

Mustard

400
800

105.3 be
94.7 cd

6.7*
5.9*

Sage

400
800

148.2*ab
163.l*a

12.9*
6.7*

significant

Significance

not significant

1 Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis,
1979). Upper value = the approximate concentration at which plants have been observed to grow.
2 Seed germination for control was: alyssum 98 %, anise 80 %, basil 85 %. caraway 55 %, cumin 67 %,
dill 85 %, fennel 87 %, mustard 95 %, sage 47 %.
3 Root growth for control was: alyssum 14.6 mm, anise 33.0 mm, basil 24.4 mm, caraway 15.6 mm,
cumin 25.2 mm, dill 11.6 mm, fennel 61.4 mm, mustard 39.8 mm, sage 56.8 mm.
Means with the same letter were not significantly different at 0.05 level (Tukey's w test). Means
followed by * were significantly different from the control at 0.05 level (Dunnetf s test).
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Table 8. Effect of cadmium and copper on seed germination and root growth of
some medicinal and aromatic plants

Species

Cadmium copper
concentration1
(mg/L)

Germination2
(% control)

Root growth3
(% control)

Alyssum

6
10

60
150

69.4 bed
40.8*de

13.1*
10.8*

Anise

6
10

60
150

78.8 abed
0.0*e

10.3*
0.0*

Basil

6
10

60
150

58.8*cd
0.0*e

5.5*
0.0*

Caraway

6
10

60
150

69.1 cd
5.4*e

22.4*
16.0

Cumin

6
10

60
150

64.2*cd
14.9*e

13.9*
12.6*

Dill

6
10

60
150

84.7 abc
0.0*e

28.7*
0.0*

Fennel

6
10

60
150

82.8 abc
40.2*de

9.9*
4.2*

Mustard

6
10

60
150

100.0 abc
91.6 abc

4.6*
2.5*

Sage

6
10

60
150

112.8 a
110.6 ab

4.7*
5.3*

significant

Significance

not significant

1 Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis,
1979). Upper value = the approximate concentration at which plants have been observed to grow.
2 Seed germination for control was: alyssum 98 %, anise 80 %, basil 85 %, caraway 55 %, cumin 67 %.
dill 85 %, fennel 87 %, mustard 95 %, sage 47 %.
2 Root growth for control was: alyssum 14.6 mm, anise 33.0 mm, basil 24.4 mm, caraway 15.6 mm,
cumin 25.2 mm, dill 11.6 mm, fennel 61.4 mm, mustard 39.8 mm, sage 56.8 mm.
Means with the same letter were not significantly different at 0.05 level (Tukey’s w test). Means
followed by * were significantly different from the control at 0.05 level (Dunnett's test).
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Table 9. Effect of cadmium and lead on seed germination and root growth of
some medicinal and aromatic plants

Species

Cadmium lead
concentration1
(mg/L)

Germination2
(% control)

Root growth3
(% control)

Alyssum

6
10

100
500

100.0 ab
91.8 ab

33.1*cde
14.3*fgh

Anise

6
10

100
500

66.2*bc
68.8 be

13.4*gh
6.1 *h

Basil

6
10

100
500

97.6 ab
88.2 ab

26.3*cdefg
5.8*h

Caraway

6
10

100
500

103.6 ab
76.4 abc

92.9 a
19.8*efgh

Cumin

6
10

100
500

79.1 abc
77.6 abc

88.6 a
36.0*cd

Dill

6
10

100
500

96.5 ab
43.5*c

71.8*b
28.7*cdef

Fennel

6
10

100
500

72.4 abc
68.2 be

40.0*c
12.9*gh

Mustard

6
10

100
500

103.2 ab
97.9 ab

23.0*defg
5.0*h

Sage

6
10

100
500

112.8 a
111.3 a

24.8*defg
6.7*h

Significance

significant

significant

1 Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis,
1979). Upper value = the approximate concentration at which plants have been observed to grow.
2 Seed germination for control was: alyssum 98 %, anise 80 %, basil 85 %, caraway 55 %. cumin 67 %,
dill 85 %, fennel 87 %, mustard 95 %, sage 47 %.
3 Root growth for control was: alyssum 14.6 mm, anise 33.0 mm, basil 24.4 mm, caraway 15.6 mm.
cumin 25.2 mm, dill 11.6 mm, fennel 61.4 mm, mustard 39.8 mm, sage 56.8 mm.
Means with the same letter were not significantly different at 0.05 level (Tukey’s vv test). Means
followed by * were significantly different from the control at 0.05 level (Dunnett’s test).
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concentrations of 10 + 150 mg/L. In mustard and sage, seed germination was not
affected by cadmium. Root growth in all tested species was reduced by both of the
tested cadmium and copper concentrations. No differences in species sensitivity to the
combination of cadmium and copper regarding root growth were observed.
The combination of cadmium and lead significantly affected seed germination
and root growth of the tested species (Table 9). Seed germination in anise (66.2 %) and
dill (43.5 %) was significantly reduced, as compared with controls, at cadmium and lead
concentrations of 6 + 100 mg/L and 10 + 500 mg/L, respectively. Under all other tested
conditions, seed germination was not affected by cadmium and lead concentrations.
Root growth in caraway and cumin, 92.9 and 88.6 percent of control, respectively, was
not affected by the low levels of cadmium and lead combination. In all other species,
root growth was significantly reduced by both of the tested cadmium and lead
concentrations.
The combination of cadmium and zinc at both tested levels apparently promoted
seed germination in sage (Table 10). In alyssum and mustard, seed germination was not
affected by both combinations of the tested cadmium and zinc concentrations. No
differences in seed germination with the different tested concentrations of cadmium and
zinc combination were noted in all tested species. Root growth in all species was
significantly reduced by both levels of the tested cadmium and zinc combination. No
differences in species sensitivity to cadmium and zinc combination regarding root
growth were observed.
Copper and lead combination of 150 + 500 mg/L completely inhibited seed
germination in anise, caraway, cumin, and dill (Table 11). Seed germination among the
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Table 10. Effect of cadmium and zinc on seed germination and root growth of
some medicinal and aromatic plants

Species

Cadmium zinc
concentration1
(mg/L)

Germination2
(% control)

Root growth3
(% control)

Alyssum

6
10

400
800

91.8 be
83.7 bed

16.6*
16.0*

Anise

6
10

400
800

58.8*cde
40.0*ef

6.3*
5.1*

Basil

6
10

400
800

84.7 bed
55.3*cde

6.1*
4.1*

Caraway

6
10

400
800

54.5*cde
27.3*ef

18.2*
13.9*

Cumin

6
10

400
800

47.8*def
40.3*ef

14.6*
13.6*

Dill

6
10

400
800

31.8*ef
11.8*f

20.1*
17.2*

Fennel

6
10

400
800

55.2*cde
31.0*ef

5.8*
3.9*

Mustard

6
10

400
800

103.2 b
103.0 b

6.5*
4.4*

Sage

6
10

400
800

185.8*a
165.2*a

10.4*
9.1*

Significance

significant

not significant

1 Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis,
1979). Upper value = the approximate concentration at which plants have been observed to grow.
2 Seed germination for control was: alyssum 98 %, anise 80 %, basil 85 %, caraway 55 %, cumin 67 %,
dill 85 %, fennel 87 %, mustard 95 %, sage 47 %.
3 Root growth for control was: alyssum 14.6 mm, anise 33.0 mm, basil 24.4 mm, caraway 15.6 mm,
cumin 25.2 mm, dill 11.6 mm, fennel 61.4 mm, mustard 39.8 mm, sage 56.8 mm.
Means with the same letter were not significantly different at 0.05 level (Tukey’s w test). Means
followed by * were significantly different from the control at 0.05 level (Dunnett's test).

39

Table 11. Effect of copper and lead on seed germination and root growth of
some medicinal and aromatic plants

Species

Copper lead
concentration1
(mg/L)

Germination2
(% control)

Root growth3
(% control)

Alyssum

60
150

100
500

66.3*cdef
66.0*cdef

9.1*
10.3*

Anise

60
150

100
500

66.2*cdef
0.0*g

7.6*
0.0*

Basil

60
150

100
500

50.6*def
37.7*efg

5.5*
4.1*

Caraway

60
150

100
500

41.8*ef
0.0*g

16.0*
0.0*

Cumin

60
150

100
500

59.7*def
0.0*g

20.2*
0.0*

60
150

100
500

25.9*fg
0.0*g

24.4*
0.0*

Fennel

60
150

100
500

72.4 cde
34.5*efg

9.1*
6.8*

Mustard

60
150

100
500

103.1 abc
91.6 bed

4.0*
2.5*

Sage

60
150

100
500

138.3*a
131.9 ab

7.8*
6.2*

Dill

Significance

significant

not significant

1 Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis,
1979). Upper value = the approximate concentration at which plants have been observed to grow.
2 Seed germination for control was: alyssum 98 %, anise 80 %, basil 85 %, caraway 55 %, cumin 67 %,
dill 85 %, fennel 87 %, mustard 95 %, sage 47 %.
3 Root growth for control was: alyssum 14.6 mm, anise 33.0 mm, basil 24.4 mm. caraway 15.6 mm,
cumin 25.2 mm, dill 11.6 mm, fennel 61.4 mm, mustard 39.8 mm, sage 56.8 mm.
Means with the same letter were not significantly different at 0.05 level (Tukey’s w test). Means
followed by * were significantly different from the control at 0.05 level (Dunnett’s test).

40

Table 12. Effect of copper and zinc on seed germination and root growth of
some medicinal and aromatic plants

Species

Copper zinc
concentrations'
(mg/L)

Germination2
(% control)

Root growth3
(% control)

Alyssum

60
150

400
800

89.8 bed
61.2*cdef

14.8*
10.3*

Anise

60
150

400
800

53.8*def
22.5*fgh

7.1*
5.8*

Basil

60
150

400
800

82.3 bede
64.7*bcde

5.8*
4.1*

Caraway

60
150

400
800

21.8*fgh
0.0*h

12.8*
0.0*

Cumin

60
150

400
800

3.0*gh
0.0*h

7.9*
0.0*

Dill

60
150

400
800

11.8*gh
2.3*gh

17.2*
8.6*

Fennel

60
150

400
800

43.7*efg
3.4*gh

4.8*
3.2*

Mustard

60
150

400
800

103.2 b
96.8 be

4.0*
2.9*

Sage

60
150

400
800

174.5*a
153.2*a

6.0*
5.6*

Significance

significant

not significant

1 Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis,
1979). Upper value = the approximate concentration at which plants have been observed to grow.
2 Seed germination for control was: alyssum 98 %, anise 80 %, basil 85 %, caraway 55 %, cumin 67 %,
dill 85 %, fennel 87 %, mustard 95 %, sage 47 %.
3 Root growth for control was: alyssum 14.6 mm, anise 33.0 mm, basil 24.4 mm, caraway 15.6 mm,
cumin 25.2 mm, dill 11.6 mm, fennel 61.4 mm, mustard 39.8 mm, sage 56.8 mm.
Means with the same letter were not significantly different at 0.05 level (Tukey's w test). Means
followed by * were significantly different from the control at 0.05 level (Dunnett's test).
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tested species was highest in sage (138.3 and 131.9 %) with copper and lead
concentrations of 60 + 100 mg/L and 150 + 500 mg/L, respectively. In mustard, seed
germination was not affected by the tested levels of copper and lead combination. No
differences in seed germination with the different tested concentrations of copper and
lead combination were noted in alyssum, basil, dill, fennel, mustard, and sage. Root
growth in all species was significantly reduced by both levels of the tested copper and
lead combination. No differences in species sensitivity to copper and lead combination
regarding root growth were observed.
Copper and zinc combination of 150 + 800 mg/L completely inhibited seed
germination in caraway and cumin (Table 12). Seed germination among the tested
species was highest in sage (174.5 and 153.2 %) with copper and zinc concentrations of
60 + 400 mg/L and 150 + 800 mg/L, respectively. Both tested levels of copper and zinc
combination did not affect seed germination in mustard. No differences in seed
germination with the different tested concentrations of copper and zinc combination
were noted in any of the tested species. Root growth in all species was significantly
reduced by both levels of the tested copper and zinc combination. No differences in
species sensitivity to copper and zinc combination regarding root growth were observed.
The combination of lead and zinc significantly affected seed germination of the
tested species (Table 13). Seed germination was apparently promoted by both levels of
lead and zinc combination in sage, as seed germination was over 45 percent higher, as
compared with control. In alyssum, basil, and mustard, seed germination was not
affected by lead and zinc combination. No differences in seed germination with the
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Table 13. Effect of lead and zinc on seed germination and root growth of some
medicinal and aromatic plants

Species

Lead
zinc
concentration1
(mg/L)

Germination2
(% control)

Root growth3
(% control)

Alyssum

100
500

400
800

89.8 bed
91.8 be

Anise

100
500

400
800

56.2*cdef
46.2*efg

6.6*
7.3*

Basil

100
500

400
800

84.7 bede
85.9 bede

4.1*
5.5*

Caraway

100
500

400
800

27.3*fg
27.9*fg

16.0*
15.0*

Cumin

100
500

400
800

49.2*defg
22.4*fg

14.6*
13.2*

Dill

100
500

400
800

32.9*fg
14.1*g

23.7*
18.7*

Fennel

100
500

400
800

77.0 bede
20.7*fg

10.3*
4.88

Mustard

100
500

400
800

102.1 b
103.2 b

5.0*
4.6*

Sage

100
500

400
800

144.7*a
149.6*a

10.3*
9.7*

Significance

significant

24.5*
19.4*

not significant

1 Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis.
1979). Upper value = the approximate concentration at which plants have been observed to grow.
2 Seed germination for control was: alyssum 98 %, anise 80 %, basil 85 %. caraway 55 %, cumin 67 %.
dill 85 %, fennel 87 %, mustard 95 %, sage 47 %.
3 Root growth for control was: alyssum 14.6 mm, anise 33.0 mm, basil 24.4 mm, caraway 15.6 mm.
cumin 25.2 mm, dill 11.6 mm, fennel 61.4 mm, mustard 39.8 mm, sage 56.8 mm.
Means with the same letter were not significantly different at 0.05 level (Tukey's w test). Means
followed by * were significantly different from the control at 0.05 level (Dunnett's test).
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Table 14. Cadmium content in imbibed seeds of some medicinal and aromatic
plants

Dill

Basil
Metals

Concentration1
(mg/L)

Mustard

(pig Cd/g tissue)2

Control
Cd

6
10

38.9+18.4
68.8+7.7

42.1+4.0
61.6+8.1

33.1+4.2
60.5+14.0

Cd+Cu

6+60
10+150

39.0+3.4
66.2+19.0

40.8+8.3
59.8+7.8

31.8+8.7
59.7+6.8

Cd+Pb

6+100
10+500

34.5+10.7
48.2+5.7

43.8+8.1
62.9+7.7

36.0+7.3
55.0+5.1

Cd+Zn

6+400
10+800

38.9+5.7
53.2+17.0

38.3+9.6
49.8+15.9

28.6+15.8
31.5+9.1

1 Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis,
1979). Upper value = the approximate concentration at which plants have been observed to grow.

~

Values represent the mean ± standard deviation of four replicates.

different tested levels of lead and zinc combination were noted in any of the tested
species, except fennel. Root growth in all species was significantly reduced by both
levels of the tested lead and zinc combination. No differences in species sensitivity to
lead and zinc combination regarding root growth were observed.
Cadmium uptake was reduced by both copper concentrations in dill and mustard
seeds as compared to tissue cadmium content in seeds soaked in cadmium alone (Table
14). In basil seeds, the uptake of cadmium was reduced by both lead concentrations and
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Table 15. Copper content in imbibed seeds of some medicinal and aromatic
plants

Dill

Basil
Metals

Concentration1
(mg/L)

(jig Cu/g tissue)2

30.6+106.0

Control

Mustard

11.2+31.5

7.6+19.5

60
150

475.0+231.0
1114.2+118.5

409.5+132.0
995.9+42.0

347.7+87.0
763.0+51.0

Cu+Cd

60+6
150+10

485.6+144.0
1197.8+78.0

311.4+142.5
1121.6+102.0

310.8+99.0
798.9+112.5

Cu+Pb

60+100
150+500

505.0+190.5
1105.5+88.5

422.4+150.0
973.7+66.0

270.0+135.0
661.8+144.0

Cu+Zn

60+400
150+800

449.6+121.5
1026.6+108.0

386.9+67.5
1207.5+129.0

262.0+55.5
708.9+241.5

Cu

1 Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis,
1979). Upper value = the approximate concentration at which plants have been observed to grow.
2 Values represent the mean ± standard deviation of four replicates.

enhanced in dill seeds. Zinc at both concentrations reduced cadmium uptake in dill and
mustard seeds.
In basil seeds, copper content was enhanced by both cadmium concentrations
(Table 15). In dill and mustard seeds, only higher cadmium concentration enhanced
copper uptake. Copper content was reduced by both lead concentrations in mustard
seeds and only by higher lead concentration in basil and dill seeds. Zinc at both
concentrations reduced copper uptake in basil and mustard seeds.
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Table 16. Lead content in imbibed seeds of some medicinal and aromatic plants

Basil
Metals

Concentration1
(mg/L)

Dill

Mustard

(pg Pb/g tissue)2

Control
Pb

100
500

375.1+205.5
2872.5+385.5

528.8+103.5
1623.5+982.5

449.6+112.5
2421.0+360.0

Pb+Cd

100+6
500+10

348.3+57.0
2203.5+108.0

588.1+81.0
2011.5+142.5

511.7+88.5
3223.5+132.0

Pb+Cu

100+60
500+150

660.0+294.0
2428.5+102.0

732.4+129.0
2421.0+375.0

472.5+865.5
2388.0+765.0

Pb+Zn

100+400
500+800

327.9+154.5
1599.0+114.0

753.4+139.5
1506.0+345.0

487.7+181.5
2170.5+136.5

1 Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis,
1979). Upper value = the approximate concentration at which plants have been observed to grow.
2 Values represent the mean ± standard deviation of four replicates.

Lead uptake was reduced by both cadmium concentrations in basil seeds and
enhanced in dill and mustard seeds (Table 16). In dill seeds, both copper concentrations
enhanced lead uptake. The same was observed in basil and mustard seeds only at the
lower copper concentration. Both zinc concentrations reduced lead uptake in basil
seeds. Reduction of lead content in dill and mustard seeds was caused only by higher
zinc concentration.
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Table 17. Zinc content in imbibed seeds of some medicinal and aromatic plants

Dill

Basil
Metals

Concentration1
(mg/L)

(pg Zn/g tissue)

64.2+99.0

Control

58.2+66.0

Mustard
2

57.3+148.5

400
800

2062.5+55.5
3739.5+132.0

1884.0+168.0
3352.5+118.5

1608.0+55.5
2431.5+136.5

Zn+Cd

400+6
800+10

2140.5+57.0
3963.0+229.5

1941.0+121.5
3559.5+117.0

1596.0+56.0
2493.0+99.0

Zn+Cu

400+60
800+150

1858.5+163.5
2751.0+219.0

1864.5+123.0
3418.5+157.5

1199.4+144.0
2016.0+72.0

Zn+Pb

400+100
800+500

2050.0+78.0
2533.5+88.5

2035.5+142.5
3060.0+91.5

1621.5+157.5
1729.5+180.0

Zn

1 Lower value = the critical concentration of the metal in the soil (Alloway, 1990; Beckett and Davis,
1979). Upper value = the approximate concentration at which plants have been observed to grow.
2 Values represent the mean ± standard deviation of four replicates.

Zinc content was enhanced by both cadmium concentrations in basil and dill
seeds and by only higher cadmium concentration in mustard seeds (Table 17). In basil
and mustard seeds, both copper concentrations reduced zinc content in seed tissue.
Both lead concentrations reduced zinc content in basil seeds and only higher lead
concentration reduced zinc uptake in dill and mustard seeds.
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CHAPTER 5
DISCUSSION
Metal tolerance of plants has been studied extensively mainly with grasses
colonizing contaminated mining sites. There is good evidence that metal tolerance
varies between species as well as between cultivars within species. Root growth rather
than shoot growth has been proven to be an indicator of metal tolerance in plants
(Wilkins, 1978). Roots are the primary plant organs that sense, become in contact with,
and accumulate heavy metal(s) from the substrate. On the other hand, roots supply the
plant with water and nutrients and a plant with an underdeveloped root system would be
more susceptible to water stress and would not withstand strong winds. A successful
development of any plant species begins with its seed germination followed by the
establishment of its root system, therefore for a particular species to be able to grow on
a heavy metal contaminated soil the species should first germinate and then survive to
maturity in such an environment.
Results from the experiment with cadmium treatment alone suggested that any
of the tested species could germinate on cadmium-contaminated site, if cadmium
v

concentration in solution would not exceed 10 mg/L, however not all of the species
would have a successful development, due to the inhibitory effect of cadmium on root
growth. Cadmium stimulated germination and root growth, although not significantly,
in some of the species. Stimulation of seed germination by low cadmium levels has
been observed by Scherbatskoy et al. (1987) with some forest tree species, but the
reason for the stimulation was not known. In another study (Wong and Bradshaw,

48

1982) high levels of cadmium (20 mg/L) had no effect on seed germination of rye grass
(Lolium perene), but root growth was reduced.
Seed germination is fairly insensitive to copper (Patterson III and Olson, 1983;
Scherbatskoy et al., 1987), while root growth may be easily affected (Patterson III and
Olson, 1983). Increasing concentrations of copper, however, may delay or completely
inhibit seed germination (Gartside and McNeilly, 1974). In the present study,
individual copper treatments had an adverse effect on root growth of the tested species
and also affected or completely inhibited germination in most of the species. Copper in
the present study, however, was applied at higher concentrations.
Lead has shown low toxicity to seed germination and like other heavy metals the
effect of lead largely depends on the concentration of this metal in the medium.
Concentrations of 20 mg Pb/L in the substrate did not affect seed germination of some
forest tree species (Scherbatskoy et al., 1987) and rye grass (Wong and Bradshaw,
1982). Lead concentration as high as 1148.15 mg/L in the medium was needed to
reduce germination by 50 percent in Sinapis alba seeds (Fargasova, 1994), explained
with the possible lead sequestration in the cell walls or deposition in vesicles. In the
present study, the low level of lead (100 mg/L) had no effect on or stimulated seed
germination in the tested species, while the higher level (500 mg/L) significantly
reduced seed germination in some of the tested species by as mush as 40 to 75 percent.
Similar results were obtained with germinating seeds of Brassica pekinensis Rupr.
(Xiong, 1998). Heavy metals more readily affect root growth and lead is no exception.
Root growth was reduced 50 percent by a lead concentration of 263.03 mg/L in Sinapis
alba seeds (Fargasova, 1994), by 2.7 mg Pb/L in Lolium perenne (Wong and Bradshaw,

49

1982) and by 125 mg Pb/L in Brassica pekinensis Rupr. (Xiong, 1998). All this is
showing the species specific response to the heavy metals. In the present study lead
affected root growth in most of the species, but in two of the tested species the lower
lead level stimulated root growth, although not significantly. The reason why lead
stimulated root growth was not known.
At relatively low zinc concentrations in the medium (up to 30 mg/L) seed
germination from both tree and grass species (Scherbatskoy et al., 1987; Wong and
Bradshaw, 1982) was unaffected, but root growth of the grass species was reduced. The
development of the tree seedlings, however, was not followed up. In the present study,
individual zinc treatments had no effect on seed germination in some of the tested
species or reduced germination in others, while root growth was severely affected by
zinc. Zinc in the present study was applied at higher concentrations.
Heavy metal combination treatments had more negative effect on seed
germination and root growth than the individual metal treatments. In few cases though
the effect of metal combinations on seed germination was the same or even positive
compared to the individual metal treatments. The reason why seed germination was
enhanced by the metal ions is difficult to explain. Root growth was synergistically
reduced by all metal combination treatments. In some of the treatments, interactions
between metals were synergistic with some of the tested species, meaning that seed
germination was lower with the combination treatment than with the individual metal
treatments. In some instances interactions between metals were antagonistic. Cadmium
decreased negative effect of copper, lead, and zinc leading to increased seed
germination in some species as compared to the individual metal treatments. Lead
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decreased negative effect of copper and zinc; and zinc also decreased negative effect of
copper on seed germination.
Heavy metal content in imbibed seeds of basil, dill, and mustard was 5-, 7-, 7.5-,
and 8-fold higher than zinc, cadmium, lead, and copper concentrations in the medium,
respectively. Although the values for these metals in imbibed seeds were higher than
the critical concentrations for the same metals in plants (Alloway, 1990), germination
was not inhibited, with the exception of some copper treatments. Similar results were
obtained by Obroucheva et al. (1998) with maize seedlings, where no lead was found in
the embryo tissue even at lead concentration of 3312 mg/L. Lead was retained in seed
testa and the cell walls in the outer layer of endosperm (Obroucheva et al., 1998).
In the present study, seed germination in sage (Salvia officinalis L.) was
significantly high with the individual lead and zinc treatments and with the
combinations of these two metals with other of the tested metals. A plausible, but not
proven explanation could be that sage needs not only water for germination, but also
some other ions.

5!

CHAPTER 6
CONCLUSIONS
The results from the conducted research indicated that some of the tested
medicinal, aromatic and ornamental species might be suitable for phytoremediation of
heavy metal contaminated soil. In an environment with cadmium, several species
would germinate and successfully establish the primary root system, if cadmium
concentration in solution does not exceed 10 mg/L. These species are caraway, cumin,
and dill. Fennel would be suitable for phytoremediation of cadmium-contaminated soil
if cadmium concentration were not more than 6 mg/L of solution. All other tested
species, however, could be grown on sites contaminated with cadmium for the purposes
of phytoremediation, only if the occurrence of cadmium is at a concentration lower than
6 mg/L of solution.
Alyssum, caraway, cumin, dill, fennel, mustard, and sage could germinate in a
copper environment with a concentration in the medium not exceeding 60 mg/L of
solution. None of these species, however, would be suitable for phytoremediation of
copper contaminated sites due to the poor establishment of the root system.
Most suitable species among the tested medicinal and aromatic plants, for
phytoremediation of lead contaminated soil, would be caraway, cumin, and dill,
followed by alyssum, fennel, and sage if lead concentration in the medium does not
exceed 100 mg/L of solution.
Alyssum, basil, mustard, and sage could germinate in a zinc environment with a
concentration in solution not exceeding 800 mg/L. Caraway and fennel could germinate
in an environment with a zinc concentration not exceeding 400 mg/L of solution. None
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of these species, however, would be suitable for phytoremediation of zinc-contaminated
sites due to the poor establishment of the root system.
Some of the tested medicinal and aromatic plants showed suitability for
phytoremediation of soil contaminated by two metals. Caraway and cumin, followed by
dill could be used for cleansing of cadmium and lead contaminated soil with
concentrations of the metals not exceeding 6 mg/L and 100 mg/L of solution,
respectively.
Further research, however, is needed to evaluate germination and seedlings
development in soil substrates contaminated with heavy metals. Soil substrates can
reduce the susceptibility of seedlings to heavy metal toxicity.
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